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ABSTRACT
In 1991, US Army personnel were potentially exposed to chemical warfare agents following the demolition of the Khamisiyah ammunition depot in Iraq.
We conducted three related investigations concerning morbidity and mortality.
First, we analyzed data from 5,555 Army ,veteran respondents to the VA's 1995 National Health Survey of Gulf War Era Veterans and their Families to study the association between potential exposure to chemical agents and "self-reported morbidity.
Potential exposure status was determined from Department of Defense (DoD) data known as the 2000 plume model. Second, we resurveyed a sample of roughly 1,200 respondents to the original survey to obtain self-reported morbidity after some of these original respondents had been notified by DoD of possible exposure to chemical agents. Comparing pre-and post-notification morbidity allowed us to study the association of notification and morbidity.
Neither possible exposure nor notification of possible exposure were unduly associated with morbidity.
Third, we examined the association between mortality among some 351,000 deployed Army veterans and potential exposure.
We found a roughly twofold excess of deaths due to brain cancer in the exposed group, representing an excess of 12 deaths in roughly 100,000 subjects in a 10-year period.
The results of our research were published in three papers in two peer-reviewed lournals,
Introduction
In March 1991, demolition of the Khamisiyah ammunition depot was carried out. As a result, troops may have been exposed to chemical warfare agents.
Representatives of the United Nations Special Commission (UNSCOM) inspected the Khamisiyah site and detected the presence of sarin and cyclosarin. On June 21, 1996 , the Department of Defense (DoD) released a statement saying that US personnel had destroyed the depot and that chemical warfare agents may have been destroyed (1) .
DoD subsequently undertook efforts to determine possible exposure to chemical warfare agents. Using data on agent dispersion and meteorological conditions at the time, DoD personnel developed a "1997 plume model" and later a "2000 plume model" that each yielded a hazard area of potential exposure. Troops whose units were located in the hazard area can be considered potentially exposed to chemical warfare agents. DoD also made efforts to notify personnel who were thought to be in a hazard area of their potential exposure.
Our current study examined the association between 1) potential exposure and morbidity; 2) between notification of potential exposure and morbidity; and 3) between potential exposure and mortality. The cohorts for each of the three investigations are different and will be described below. The goal of the three investigations was to determine whether potential exposure to chemical agents following the Khamisiyah detonation, or notification of such exposure, was associated with subsequent ill health.
Body Materials and Methods
The subjects for these three studies were drawn from the population of Army veterans deployed to the 1991 Gulf War. For the study of the association between potential exposure and morbidity, subjects were respondents to the 1995 National
Health Survey of Gulf War Era Veterans and Their Families. For the study of the association between notification and morbidity, a subsample of respondents to the 1995 survey were resurveyed in 2000. In both cases, morbidity items came from the national survey (2) .
For the study of potential exposure and mortality, all deployed Army Gulf War veterans, numbering some 351,000, were followed. Mortality was determined using Department of Veterans Affairs (VA) and Social Security Administration (SSA) records to establish fact of death, and VA and National Death Index records were used to obtain cause of death data.
This study was conducted with the advice of an expert panel, chaired by Dr.
Barbara Hulka. Human Subjects review and approval of the protocol, the questionnaire, and associated materials was given by the National Academies' and the Army's Human Subject s Review Committees.
Analysis and Reporting
Rates of various health outcomes in the potentially exposed and unexposed groups were compared. The primary outcomes of interest included general health, "* data from the VA's 1995 National Survey of Gulf War Era Veterans were obtained and the morbidity cohort constructed;
"* a subsample of respondents to the 1995 survey was selected; "* Human Subjects approval for conduct of the study was received from The National Academies' and Ar my Human Subjects Committees.
"* the resurvey was conducted with an overall response rate of approximately 72 %; "* data from medical records associated with brain cancer deaths were obtained and analyzed;
"* the data were analyzed and a three journal articles were published in peer-reviewed journals.
Reportable Outcomes
Three reports were published in peer-reviewed scientific journals (3, 4, 5) .
Conclusions
We found little evidence of an association between self-reported morbidity and either possible exposure or notification of possible exposure. We did find evidence of a statistically significant association between possible exposure and subsequent death due to brain cancer. The roughly two-fold excess represented an estimated 12 excess brain cancer deaths among roughly 100,000 possibly exposed Army personnel over the course of a 10-year follow-up. These results will be of interest not only to researchers and participants in the original program, but may also be relevant to those studying On March 4 and 10, 1991, combat engineer
Objectives. We investigated whether US Army Gulf War veterans who were and explosive ordnance disposal units of the potentially exposed to nerve agents during the March 1991 weapons demolitions US Army XVIII Corps destroyed 2 large at Khamisiyah, Iraq, are at increased risk of cause-specific mortality.
Iraqi weapons caches at Khamisiyah, Iraq.
Methods. The cause-specific mortality of 100487 exposed US Army Gulf War vetIn October 1991, March 1992, May 1992, erans was compared with that of 224980 unexposed US Army Gulf War veterans.
and May 1998, representatives from the Exposure was determined with the Department of Defense 2000 plume model.
United Nations Special Commission inspected
Relative risk estimates were derived from Cox proportional hazards models. Khamisiyah and detected the existence of
Results. The risks of most disease-related mortality were similar for exposed and satin and cyclosarin in both intact and damunexposed veterans. However, exposed veterans had an increased risk of brain aged rockets in the bunker and pit. Military cancer deaths (relative risk [RR1 = 1.94; 95% confidence interval [Cl] = 1.12, 3.34). The personnel who were possibly exposed to risk of brain cancer death was larger among those exposed 2 or more days than those chemical warfare agents at Khamisiyah were exposed 1 day when both were compared separately to all unexposed veterans (RR = 3.26; 95% Cl = 1.33, 7.96; RR = 1.72; 95% Cl = 0.95,3.10, respectively).
identified by environmental and dimatologi- eyes, and at sufficient dosage it can cause the same exposure model found no unusual ( Figure 1 ). Among these veterans, 100 487 convulsions and death.' Acute sarin exposure morbidity among exposed troops. 6 were considered exposed and 224 980 were produces a well-characterized acute cholinerTo determine whether adverse health are considered unexposed. Exposure could not gic reaction, and doses sufficient to produce outcomes associated with exposure to chemibe determined for 25 574 veterans, because an acute reaction have been associated with cal agents released at Khamisiyah, we comof missing or invalid unit or service date persistent health effects such as fatigue, vision pared the mortality of all exposed US Army information.
problems, and headaches. 1 There is no eviGulf War veterans to that of unexposed US dence that samin is carcinogenic.?
Army . Cause-specific cyclosarin toxicity data, and the deposition certainment were incomplete after that date. mortality risks were also calculated for those and degradation data. Another improvement Vital status was ascertained in part using the exposed 1 day and those exposed 2 or more is more precise information regarding the Department of Veterans Affairs computer days, each compared with all unexposed vetlocation of individual units in Iraq at the database known as BIRLS (Beneficiary Identierans. Finally, cause-specific mortality of extime of the 1991 demolitions. In the 1997 fication and Records Locator Subsystem). posed and unexposed veterans was compared model, an individual's location was largely BIRLS identifies all veterans who are eligible with that of the US population with adjustdetermined by the location of that person's for benefits, including death benefits. Veterment for age, race, gender, and calendar battalion, whereas, in the 2000 model, an ans were also matched against a file of deaths year. 1 The results were expressed as stanindividual's location was determined by the reported to the Social Security Administradardized mortality ratios (SMRs), or the ratio company's location. Because a battalion contion. An earlier study assessing the mortality of observed deaths among veterans to the sists of 500 to 900 soldiers and a company of Gulf War veterans determined that when expected number of deaths as determined by consists of only 100 to 200 soldiers, locating used together, the BIRLS and Social Security the US population. Cause-specific mortality individuals at the company level is believed Administration files of deaths had an esticategories included all major diagnostic to be more precise than locating them at the mated reporting rate of 89% for Gulf-era vetgroupings as set forth in the International battalion level. 
RESULTS
in years at entry to follow-up was 27.7 for 0.86, 1.07). When we looked at specific disexposed, 27.2 for unexposed, and 28.2 for eases as well as major disease groupings, We identified 1179 deaths among exposed exposure-unknown veterans. All veterans there was only 1 disease for which exposed veterans, 2696 deaths among unexposed served in the army, and most were of the veterans were at a statistically increased risk. veterans, and 341 deaths among those with enlisted ranks: 88.4%/0 of exposed, 89.8%/o of Compared with unexposed veterans, exposed missing exposure data ( Figure 1) Table 2 compares the overall and causethough not presented in Table 2 , other causeerans, and 313 (92%/o) of those with missing specific mortality of exposed veterans with specific deaths, both traumatic and diseaseexposure data. The majority of exposed, unthat of unexposed veterans, adjusting for age related, were examined; none were associated exposed, and exposure-unknown veterans at entry to follow-up, race, gender, unit comwith exposure. were White (64.8%/o, 64.50/o, and 65.9%, ponent, and rank. The overall mortality of The mortality of veterans exposed 1 day respectively) and male (89.3%/o, 90.9%/o, and both exposed and unexposed veterans was and that of veterans exposed 2 or more days was compared separately with the mortality exposure status reviewed all available records equal length: original entry to follow-up to was compared with that of all unexposed vetto determine which deaths were because of January 31, 1994 (follow-up 1); February 1, erans, with adjustment for covariates, there primary gliomas. Of the original 55 brain 1994, to July 31, 1997 (follow-up 2); and Auwere no statistically significant differences cancer deaths, 47 were determined to be gust 1, 1997, to December 31, 2000 (followbetween exposed and unexposed veterans from primary brain tumors: 21 were from exup 3). For each follow-up period, an adjusted except for an increased risk of brain cancer posed subjects, 23 were from unexposed subrelative risk was calculated using the Cox prodeaths among exposed veterans (RR= 1.94; jects, and 3 were from subjects with missing portional hazards model with adjustment for 95%/o CI= 1.12, 3.34). Veterans exposed 2 or exposure data. Limiting brain cancer deaths age, race, gender, unit component, and rank. more days had a larger relative risk of brain to the 44 confirmed brain cancers with
The adjusted relative risks and number of excancer deaths (RR=13.26; 95%/o CI= 1.33, known exposure status, the risk of brain canposed and unexposed brain cancer deaths for 7.96) than veterans exposed only 1 day (RR= cer death associated with chemical exposure each follow-up period were as follows: in pe-1.72; 95%/o CI=0.95, 3.10) when both were in Khamisiyah was calculated with a proporriod 1, 6 exposed veterans and 7 unexposed compared with unexposed veterans. tional hazards model with adjustment for veterans with brain cancer deaths-relative When we looked at the possibility of expoage at entry to follow-up, race, gender, rank, risk was 1.80 (95%/o CI=0.60, 5.36); in pesure misclassification, we found that 3 or and unit component Comparing exposed to riod 2, 5 exposed veterans and 10 unexposed more brain cancer deaths in exposed veterans unexposed veterans yielded an almost twofold veterans with brain cancer deaths-relative would have to be reclassified as deaths in unstatistically significant increased risk of brain risk was 0.99 (95%/o CI=0.34, 2.91); and in exposed veterans to materially affect our recancer death associated with chemical expoperiod 3, 14 exposed veterans and 10 unexsults. Changing 3 of the 6 brain cancer deaths sure in Khamisiyah (RR= 1.88; 95% CI= posed veterans with brain cancer deaths, relain exposed veterans from deaths in veterans 1.04, 3.41), virtually the same estimate as in tive risk was 3.03 (95%/o CI= 1.34, 6.82). exposed 2 or more days to deaths in veterans Table 2 . When we used only the 44 conexposed 1 day did not alter the conclusion firmed brain cancers, the relative risk esti-
DISCUSSION
of the analysis of the length of exposure and mate for those exposed 1 day was 1.66, and risk of brain cancer death. Adding subjects for those exposed 2 or more days, the RR We compared the overall and cause-specific with missing exposure data to either the exestimate was 3.25. mortality of US Army Gulf War veterans poposed or unexposed cohort also did not matetentially exposed to low-level chemical agents rially change the results. Finally, adding data Latency Analysis at Khamisiyah to that of US Army Gulf War indicating exposure to smoke from oil well The study's 10-year follow-up was divided veterans not exposed to chemical agents. fires did not alter the original findings. Other into 3 follow-up periods of approximately When the mortality of all exposed veterans potentially harmful exposures were present IRESEARCH AND PRACTICE in the Gulf, but any of these exposures should The short latency period suggested by this progress, and coordinated data retrieval. C.M. Mahan be nondifferential regarding exposure as destudy is contrary to the reported latency pcprovided assistance with data analysis. H. K Kang participated in the origination and design of the study and termined by the 2000 exposure model. As riod of tumors. The brain tumors from this provided administrative and material support All auneither sarin nor cyclosarin are known carstudy would at most have a latency period of thors reviewed drafts of the study, contributed to criticinogens, it is possible that the demolitions at 10 years if they were related to some exposure cal revision of the article, and provided assistance in all other aspects of study.
Khamisiyah may have involved additional at Khamisiyah. Research on brain cancers assoagents or chemicals that were related to the dated with occupational exposure, specifically Acknowledgments increased risk of brain cancer death. The lack exposure to radiofrequency fields from cell This study was funded by the US Army (grant DAMD17-of data on pre-or post-Khamisiyah environphones, report a latency period of 10 to 20 98-1-8274). mental or occupational exposures is also a years. 22 The same latency period characterizes •-12 On June agents, saHn and cyclosarin. The long-term health effects as-2 I, 1996, the Department of Defense (DoD) released a statement sociated with possible exposure to these chemical warfare confirming that U.S. soldiers had destroyed ammunition bunagents are unknown. This study was undertaken to investigate kers at Khamisiyah, Iraq, and that one of these bunkers conwhether possible exposure was associated with morbidity among Army Gulf War veterans using morbidity data for 5,555 tained chemical warfare agents. I• Following this, the DoD made Army veterans who were deployed to the Gulf region. Re-efforts to determine who was possibly exposed to chemical sponses to 86 self-assessed health measures, as reported in agents (see below) and also made efforts to notify veterans of the 1995 Department of Veterans Affairs National Health Survey possible exposure; the effects of these notification letters are the of Gulf War Era Veterans, were evaluated. We found little associ-subject of another article.4 ation between potential exposure and health, after adjustment for demographic variables, and conclude that potential exposure Toxicology of Nerve Agents Sarin and Cyclosarin to satin or cyclosarin at Khamisiyah does not seem to have adversely affected self-perceived health status, as evidenced by a Sarin, an organophosphorus ester, is a highly toxic nerve wide range of health measures, agent. Exposure to acutely toxic concentrations can produce Introduction excessive bronchial, salivary, ocular, and intestinal secretions, as well as sweating, miosis, bronchospasm, bradycardia, musmmediately after the Gulf War, demolition was carried out in cle fasciculations, paralysis, convulsions, and death.14 Minimal March 1991 at the Khamisiyah ammunition depot in south-effects observed at low concentrations include miosis, chest eastern Iraq. Troops who were possibly exposed to chemical tightness, rhinorrhea, and dyspneaJ4 There is limited evidence warfare agents were identified subsequently by environmental associating sarin exposure at a level sufficient to produce acute and climatological modeling, in conjunction with unit location cholinergic signs with subsequent long-term health effects, data for the days of the demolitionJ In this article, we compare such as fatigue, headache, blurred vision, post-traumatic stress the morbidity outcomes in the group of Army veterans possibly disorder (PTSD), and abnormal test results of unknown clinical exposed to low levels of chemical warfare agents with those of a significance.1• At doses too low to produce acute cholinergic similar group of unexposed Army personnel. The morbidity data effects, there is insufficient evidence to determine whether there were collected as part of the Department of Veterans Affairs (VA) is an association with subsequent long-term health effects, in National Health Survey of Gulf War Era Veterans (NHS).2 Two part because of a lack of well-controlled studies.
• Cyclosarin is other articles examine deaths associated with possible expo-similar in composition to satin, although less volatile. Its mechsure3 and morbidity associated with notification of possible ex-anism of action is similar to that of satin, although less is known posure. 4 about its toxicityJ• A recent study of self-reported, long-term On March 4 and 10, 1991, combat engineer and explosive (25-45 years), health effects among 1,339 veterans experimenordnance disposal units of the U.S. Army XVIII Corps (Airborne) tally exposed to anticholinesterase agents (including 287 exdestroyed two large caches of 122-mm rockets, one in a bunker posed to satin) included neurological and psychological outand the other in a nearby pit, at the Khamisiyah ammunition comes such as peripheral nerve disease, vestibular dysfunction, supply point, -350 km southeast of Baghdad, Iraq. In October sleep disorders, anxiety, and depression. There were only two 1991, March 1992, May 1992, and May 1998, representatives statistically significant differences, i.e., subjects exposed to from the United Nations Special Commission inspected Khamis-anticholinesterase agents had fewer attention problems than iyah and detected the existence of sarin and cyclosarin in both subjects in one control group and greater sleep disturbance intact and damaged rockets in the bunker and pit.
• problems than subjects in another control group. In contrast, self-reported exposure to hazardous chemicals outside the ex- the VA Environmental Epidemiology Service. Eligibility for entry 1 for additional details). into the cohort was based on the veteran having served in the Several factors contributed to the development of a subseGulf theater of operations. Individuals identified as having been quent exposure model, the remodeling effort or the "2000 hazwithin and outside the modeled potential hazard area were eli-ard area." Meteorological modeling methods were further regible for inclusion. The cohort was further defined by having fined. The assumed amount of nerve agent released was participated in Phase I of the VA NHS, conducted in 1995-reduced, based on more-recent intelligence analyses. The toxic-1997. 2 ity effects of cyclosarin were added to those of sarin, which was The NHS was designed as a retrospective cohort study in used alone in the 1997 analysis. Atmospheric removal mechawhich health factors of a population-based sample of 15,000 nisms, such as dry deposition and degradation, were also controops deployed into the Gulf area were compared with those of sidered. Finally, and possibly of most importance, unit location s daparerwithod of information was significantly improved in the 2000 model. Both 15,000 troops serving in the military during the period of the models considered a soldier to have been exposed if his or her Gulf War but not in the Gulf area. Phase I of the survey was unit was in the hazard area but in 1997 the unit was generally performed in 1995-1996, before troop notification of possible at the battalion level (-1,000 soldiers), whereas in 2000 the unit chemical agent exposure at Khamisiyah, Iraq, by the DoD. A was generally at the company level (-200 soldiers). Therefore, total of 11,441 military personnel, who represented four on average, an individual's unit was located with greater precibranches of service deployed to the Gulf region during the 1990-sion in the 2000 hazard area. In this study, an individual is 1991 Gulf War, responded to either Phase I, the postal printed deemed presumed exposed if, during any of the four 24-hour questionnaire survey in 1995-1996, or Phase II, the telephone periods from March 10 to March 13, 1991, his or her unit was at interview survey in 1996-1997. The subset of veterans who a location that was exposed to a level of chemical warfare agent participated in the postal questionnaire survey and who served higher that the general population limit, adjusted for short-term in the Army numbered 5,555.
exposure.' The general population limit is defined as the limit below which any member of the general population could be Determining Possible Exposure exposed daily, for a lifetime, and not experience any related adverse health effects. The modeling process also provided data The risk factors associated with the demolition in the Khamis-on the number of days (0 or I through 4) of potential exposure. iyah pit in March 1991 are possible exposures to chemical war-Although this does not constitute a true measure of intensity of fare agents, including sarin and cyclosarin.' For completeness, exposure, we used number of days of exposure in some of our we also examined the data using exposure defined with the analyses as a limited proxy for intensity of exposure. We adopt "50-km model," an early exposure model that declared Gulf War the terms "exposed" to mean possible exposure under the 2000 veterans who were within a circle with a radius of 50 km, cen-hazard area, "unexposed" to mean no exposure under the 2000 tered at Khamisiyah, Iraq, to have been possibly exposed.' The hazard area, and "missing exposure" to mean that there was no history of DoD's exposure determination efforts is given below in 2000 hazard area exposure status assigned to an individual, brief.
because of missing or incorrect information identifying the inDetermining the possible risk of chemical agent exposure to dividual or his or her military unit. U.S. troops in the vicinity of Khamisiyah began as a joint effort Through use of the 2000 hazard area and location data for by the Central Intelligence Agency and the DoD in late 1996. It soldiers at the company level in the Gulf region, exposure dequickly became apparent that the pit demolition posed a num-termination was provided for the 351,121 deployed Army perher of challenges requiring expertise in modeling the physical sonnel by the Office of the Special Assistant for Gulf War Illcharacteristics of open-air demolition, as well as environmental nesses. Record linkage of this chemical exposure data with the and meteorological conditions at the site. The DoD-Central In-file of respondents to Phase I of the VA NHS yielded a total of telligence Agency team used interviews with troops who had 5,555 Army Gulf War veterans, who were classified into one of been at the site and test demolitions and other experiments at three categories of exposure to chemical agents, mainly sarin or the Dugway Proving Grounds and Edgewood Laboratories to cyclosarin, as follows: exposed Army Gulf War veterans, n = reduce uncertainties associated with the physical and environ-1,898; unexposed Army Gulf War veterans, n = 3,336; missing mental conditions at the site. Because of relatively scarce me-exposure Army Gulf War veterans, n = 32 1. teorological data for Iraq, the team used state-of-the-art mesoscale meteorological models to simulate prevailing weather Health Outcomes conditions over the region. Dispersion models were then used to Health perception data, before notification, were derived for predict the transport and spread of chemical warfare agents, all 5,555 Army Gulf War veterans who responded during Phase based on these simulated meteorological conditions. To account I of the VA NHS. The outcomes of interest are the self-assessfor uncertainty, a conservative assumption was made to define ments that were reported on the postal questionnaire developed the potential hazard area as the union of the hazard areas given for the VA NHS. The self-administered questionnaire was used by each of the various combinations of meteorological and dis-to obtain information on the presence of various medical condipersion models. The result was the generation of a potential tions and symptoms, measures of functional impairment, limihazard area that varied in size and shape from March 10 to tation of activity, and health care utilization. March 13, 1991. From this, the team was able to determine A self-report symptom inventory composed of 48 items that which units of troops were presumed to have been within the were representative of the symptom configuration commonly Military Medicine, Vol. 170, November 2005 (Table I) , grouped according to organ system, and condi-gender, marital status, race, branch, rank, military occupations (Table II) are presented. tional specialty code, and unit component) were derived from Questionnaire items were used to evaluate limitation of activ-Defense Manpower Data Center (DMDC) and VA records. Date of ity, prevalence of chronic conditions, self-assessed health sta-birth, gender, and marital status were also investigated with the tus, and use of medical services, including physician contacts survey instrument. Gender, a binary variable, was coded as related to illness (excluding routine visits for vaccinations and male vs. female. Age at the time of the Gulf War (1991) was physical examinations) and hospitalizations overnight. The recoded from the DMDC database as a binary variable, i.e., <30 PTSD Checklist, which was part of the survey instrument, con-years vs. >30 years. Race/ethnicity was coded into three strata, tained 17 questions concerning PTSD symptoms experienced in i.e., (1) Caucasian, (2) African American, or (3) Hispanic, Amerthe past 1 month. 17 A cutoff score of >50 points was used to ican Indian, Alaskan Native, Asian, Pacific Islander, any other, classify veterans as having PTSD. 1 8 Participants were classified or missing. Marital status at the time of the Gulf War, from the regarding the presence of chronic fatigue syndrome (CFS). The DMDC file, was converted to a binary variable, i.e., single vs. case definition that had been coordinated by the Centers for ever married. Rank at the time of the Gulf War was coded as a Disease Control and Prevention in 199419 was modified in terms binary variable, i.e., enlisted vs. officer or warrant officer. Unit of the time period for duration of symptoms that was available component was coded into three strata, i.e., Army active, Army on the NHS survey instrument. This modification was described National Guard, or Army Reserve. and evaluated elsewhere and is termed CFS-like illness. 20 Questions on smoking history and alcohol use were included, as well Statistical Methods as weight change in the past 6 months. All of these outcomes Analyses measured the association between presumed expowere fully described elsewhere for the entire cohort of 11,441 sure to chemical agents and the various health outcomes deGulf War respondents and 9,476 non-Gulf War respondents. 2 scribed in the survey instrument. We used contingency table a Total (n = 5,555) is composed of possibly exposed (n = 1,898) plus unexposed (presumed not in hazard area) (n = 3,336) plus missing exposure status (n = 321). Possibly exposed is based on the DoD revised 2000 hazard area.
b Race "other" includes American Indian, Alaskan Native, Asian, Pacific Islander, and any other.
analysis to examine differences with respect to demographic Sensitivity Analyses and military factors between exposed and unexposed Army Gulf Because 5.7% of the Army Gulf War veterans had missing War veterans. Unadjusted risk ratios (relative risk) were calcu-exposure data, a sensitivity analysis was conducted for the main lated directly from the raw table entries. Adjusted risk ratios outcomes, to assess the potential effect of these missing data. included adjustments for age in 1991 (<30 years vs. >-30 years), First su gender, race/ethnicity (Caucasian, African American, or all , e cts io group werecaddedt other, including Hispanic), marital status (single vs. all other), the exposed group and compared with unexposed subjects. Secrank (enlisted vs. officer or warrant officer), and Army active ond, subjects in the missing exposure group were added to the duty vs. Army Reserve or National Guard service. These adjust-unexposed group and compared with exposed subjects. ment factors were chosen based on their potential association with health outcomes. We adjusted for these factors using a Institutional Review Board Approval propensity score, 2 ' which, divided into quintiles, was used to This project was submitted for institutional review board restratify the Cochran-Mantel-Haenszel analyses. Statistical sig-view, and approval was obtained from both the Department of nificance was ascertained by examining the coverage of 95% Veterans Affairs and the National Academy of Sciences. confidence intervals, and no adjustments were made for multiple comparisons. Computations were carried out with standard Results software.
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Characteristics of Exposed and Unexposed Army Gulf War Imputation Veterans To avoid losing observations because of missing demographic
The demographic and military characteristics of the 5,555 and military data in the DMDC data file, we extracted the cor-Army Gulf War veterans are presented in Table III , categorized responding items from the NHS Phase I postal questionnaire, by the three levels of exposure to chemical agents. The exposed when possible. For the few cases of missing values for the race group had a greater proportion of female veterans than did the variable for which this approach did not work (n = 10), we unexposed group (24.9% vs. 21.1%; p < 0.01) and differed by created a category of "missing" for the crude rates but pooled the race, having fewer African American veterans (19.8% vs. 21.5%) 10 missing observations with the "other" race stratum for the and a greater proportion of "other" races (Hispanic, American calculation of adjusted risk ratios. No imputation was per-Indian/Alaskan, or Asian/Pacific Islander) (8.3% vs. 6.3%) than formed for item nonresponses regarding outcome variables, the unexposed group (p = 0.013). Regarding unit component,
940
Exposure and Morbidity there was a greater proportion of reservists in the exposed group unexposed veterans was 9.2%. The percentage distributions of than in the unexposed group (35.0% vs. 31.6%; p = 0.02). There those hospitalized were not different between the two groups (p = were no significant differences between the exposed and unex-0.88). Item nonresponse rates for this question were 3.4% for the posed groups for the variables age, marital status, and rank. two groups.
Functional Impairment, Limitation of Work, and Medical Care Utilization Attributable to Illness Sensitivity Analyses Approximately the same percentages of exposed Army Gulf
In Table V , we assumed that all Army Gulf War veterans with War veterans and unexposed Army Gulf War veterans reported missing exposure data were actually exposed. We consequently staying home all or part of a day because they did not feel well or found no statistically significant differences for functional imas a result of illness or injury within the 2 weeks before the pairment (bed days), limitation of employment, number of clinic survey response (31.0% vs. 31.9%) ( Table IV) . The percentage or doctor visits, or number of hospitalizations. Conversely, when distribution of number of days at home during the past 2 weeks we assumed that the veterans with missing exposure data were is shown for both groups; there was no difference between these actually unexposed (Table VI) , we reached the same conclusion. two distributions (p = 0.15). Similarly, 20.9% of exposed Gulf Because these results are the same as those in Table IV , we War veterans and 22.0% of unexposed Gulf War veterans re-excluded subjects with missing exposure data from the remainported that they were limited in employment or in the kind of der of the analyses in Tables I, II , VII, VIII, and IX. work they could do around the house because of an impairment or health problem (p = 0.36). Less than 2% of the respondents did not answer either of these two questions. There was no dif-Perception of General Health ference between the exposed and unexposed groups in the number There was no difference in perception of general health status of clinic or doctor visits made during the past 12 months because between exposed and unexposed veterans (p = 0.72; Table VII) . of illness (p = 0.62). Approximately 6% of each group did not The item nonresponse rate for this question was 14% for each answer this question. Among the exposed veterans, 8.9% reported group, which is higher than rates for other items in the survey having been hospitalized overnight or longer for illness during the because the physical placement of this item on the survey form past 12 months, whereas the corresponding percentage among meant that it was inadvertently skipped by participants. "b "Not answered" category is presented for interest but is not included in the denominator in calculation of percentages.
Prevalence of Severe Symptoms Prevalence of Chronic Medical Conditions On the survey instrument, the veteran was given the guideline The prevalences of 31 medical conditions during the past 12 for reporting a symptom experienced during the past year as months are shown in Table II for exposed and unexposed veter-"severe" if its presence was "sufficient to seek medical advice, ans. Of the 31 medical conditions in Table I1 , all except two take prescription drugs, lose work, or limit routine activities." showed the same rates in the exposed and unexposed groups; The prevalences of severe symptoms for exposed and unexposed enteritis and colitis had significantly higher rates in the exposed veterans are presented in Table I for 47 symptoms (one symptom group. Again, because one would expect 1 of 20 statistical tests pertained only to male veterans and was excluded). The ad-performed at the p = 0.05 level to be statistically significant by justed risk ratios showed two statistically significant associa-chance, the finding of two significant risk ratios in 31 tests could tion rsk betweenieosureowed self-reorstatstic er sigsiyicantosso well be attributable to chance alone.
tions between exposure and self-reported severe symptoms, i.e.,
In Table VIII , the prevalences of two symptom-based medical the rates of wheezing and of swelling in any joints were lower in conditions, PTSD and CFS-like illness, are tabulated. There was the exposed group. Because one would expect 1 of 20 statistical no significant difference in the prevalence of either medical tests performed at the p = 0.05 level to be statistically signifi-condition according to exposure status. cant by chance, the finding of two significant risk ratios in 47 tests could well be attributable to chance alone.
Alternative Measures of Exposure Next, we examined the relationship between number of days Prevalence of Mild or Severe Symptoms of possible exposure to chemical agents from March 10 to 13, On the survey instrument, the veteran was given the guideline 1991, coded as 0, 1, or Ž-2 days, and general health status, for reporting a symptom experienced during the past year as number of clinic or doctor visits, number of hospitalizations, "mild" if its presence caused the veteran to be "just aware but PTSD, and CFS-like illness ( Table IX) . The X tests showed no not slowed down by symptoms, or sufficient to take nonpre-relationships between the number of days exposed (coded as 0, scription drugs to relieve the symptoms (aspirin, Turns, etc.)." 1, or Ž-2) and any of the health status indices (p > 0.50). Finally, The prevalence of either mild or severe symptom was computed using an alternative definition of exposure based on the 50-km for each of the 47 symptoms, and results were compared for proximity, i.e., within the 50-kmn radius from Khamisiyah from exposed and unexposed veterans. The adjusted risk ratios were March 10 to 13, 1991, we assessed the frequency distributions not materially different from those for severe symptoms.
of the same health indices ( Not answeredb 65 128 0.88 a p, significance probability by X2 test of independence between exposure category and health condition indicator.
"b "Not answered" category is presented for interest but is not included in the denominator in calculation of percentages. Significance probability by X 2 test of independence between exposure and general health status, p = 0.72, X24 = 2.08. a "Not answered" category is presented for interest but is not included in the denominator in calculation of percentages. The excess item nonresponse for this question is attributable to the position of the question on the survey instrument. association between 50-km exposure defined and any of the year, than did similar unexposed veterans. Similarly, the two health status indices (p > 0.45).
groups perceived their health status to be the same when asked to classify themselves into one of five categories, ranging from Discussion excellent to very good, good, fair, or poor. After adjustment for possible differences in demographic/military characteristics, A population-based sample of Army Gulf War veterans who the subjects in the exposed and unexposed groups reported participated in the NHS and who were presumed to have been equal prevalences for 45 of 47 severe symptoms and for 29 of 31 exposed to chemical agents in Khamisiyah, Iraq, did not report medical conditions. We also note that, based on what is known higher rates of days spent in bed within the past 2 weeks, health about health effects following exposure to anticholinesterase limitation, or medical care utilization, as measured by outpa-agents, we would have expected differences in neurological and tient office visits or inpatient hospitalizations within the past behavioral symptoms, which we did not observe. Regarding endpoints, there are known limitations to self-re-a Missing outcomes were excluded from denominators when porting. First, there is the issue of reporting bias. We note that percentages were calculated. the rates of self-reported illness we saw in this study are higher b p, significance probability by j test of independence between than those in the NHS. 2 This may be attributable to the fact our exposure and health status indicator. study population differed in some respects from the NHS. We included only deployed Army Gulf War veterans, and our sample because of the limitations imposed by self-report, the lack of Clinic visits differences in health between exposed and unexposed subjects Health Survey of Gulf War Era Veterans. These samples were No adjustments for item nonresponse were made, although taken from the Defense Manpower Data Center cohorts de-we compared respondents with nonrespondents to the second scribed above, using a stratified sampling scheme. Both de-questionnaire, looking at demographic data and initial outployed and nondeployed samples were stratified with respect to comes. An earlier analysis of the characteristics of respondents gender and unit component (active duty, Reserve, or National and nonrespondents to the initial health survey (not limited to Guard), with oversampling of women and non-active duty com-Army personnel) showed nonrespondents to be, on average, ponents. The original sample contained 20% women, 25% Na-younger, unmarried, non-Caucasian, and of enlisted rank; tional Guard personnel, and 33% reservists; the corresponding gender, branch of service, and unit component (active duty, proportions among all deployed personnel were 7%, 7%, and National Guard, or Reserve) status were not associated with 10%, respectively. The response rate for the original health sur-response status. 3 In addition, certain items, such as reported vey was 70%.
exposures while in the Gulf, should not have changed beFor the present study, a subsample of 1,200 respondents to tween the initial health survey and the resurvey. Data comthe National Health Survey was selected. This random sub-paring initial survey and resurvey responses for these items sample was originally chosen to contain equal numbers of ex-thus provide information on potential reporting biases or lack posed and nonexposed Army veterans, as well as equal numbers of such biases. of notified and non-notified Army veterans. However, the inadvertent inclusion of non-Army subjects meant that the final Results sample numbered only 1,056 subjects, of whom 756 (72%) provided responses. The response rate for notified subjects in the Table I shows selected characteristics of respondents and resurvey was 73% (438 of 600 subjects), and the response rate nonrespondents. In general, the distributions of characteristics for non-notified subjects was 70% (318 of 456 subjects). This among respondents and nonrespondents were similar. Responproject was submitted for institutional review board review, and dents were, however, proportionally more female, Caucasian, approval was obtained from both the Department of Veterans and married, and there were proportionally more officers and Affairs and the National Academy of Sciences.
soldiers with National Guard or Reserve status. There was a slightly larger proportion of notified subjects among responHealth Outcomes dents than among nonrespondents. The health outcomes were the same as those in the original Table II addresses the issue of data quality by comparing health survey (see Ref. 3 for details) . Briefly, the outcomes in-items that should reasonably have been reported the same way cluded the following: number of bed days, activity limitations in the initial health survey and in the resurvey. The items perattributable to health, number of doctor visits in the past 12 tained to self-reported exposures while in the Gulf, and we months, number of hospitalizations in the past 12 months, tabulated the proportions of responses that were concordant overall health status (e.g., good or fair), selected medical conditions, selected symptoms, birth defects (yes/no), life events 35.0 difference in baseline prevalence between non-notified and noReserve 37.7 30.9 tified subjects, with a higher rate among non-notified subjects.
Statistically significant difference between notified and non-notified Tables VII, VIII , and IX contain estimates of the adjusted risk groups (p < 0.05). ratios for the association of various health outcomes in the resurvey with notification status. Risk ratios were adjusted for initial response, exposure status, and propensity score, includ-show goodness-of-fit statistic for the propensity score analysis ing age, gender, race, marital status, rank, and type of service yielded a X2 value of 3.13 (8 df p = 0.93), indicating a good fit. (active duty, National Guard, or Reserve). The Hosmer-Leme- notified subjects, after adjustment for confounding factors. The Numbers of subjects in the "not answered" category are presented but data on post-traumatic stress disorder showed no statistically are not included in the denominator in calculation of percentages.
significant difference between notified and non-notified subjects "a Probability value from X2 test.
(adjusted risk ratio, 1.05; 95% confidence interval, 0.604-1.826). ferences between non-notified and notified subjects with respect to the rates of bed days, activity limitations, clinic visits, or Discussion hospitalizations. Table VIII shows that there were three statistically significant The existence of baseline health survey data on a representadifferences between notified and non-notified subjects in the tive national sample of Gulf War veterans presented an opporprevalence of selected medical conditions, i.e., other cancer, tunity to look at the possible effects of notification on health. The recurrent headache, and neuralgia. Only recurrent headache fact that the baseline health survey data were collected before was reported at a higher rate among notified subjects. An addi-notification and therefore were not subject to self-report biases tional analysis of the numbers of medical conditions (on aver-is a clear advantage of this study. The requirement to conduct age, approximately four conditions per person) also showed no the health resurvey using the identical instrument, which alsignificant difference between notified and non-notified sub-lowed us to measure postnotification health status but also jects, after adjustment for the factors listed above, limited the scope of the resurvey, has advantages and disadvan- Table IX shows two statistically significant associations be-tages. tween notification status and self-reported severe symptoms,
In general, response rates for the initial survey and the resurafter adjustment for confounding factors, i.e., irregular heart-vey were quite similar, i.e., 70% (including telephone follow-up beat and bruise or bleed easily. In both cases, rates were lower responses) in the initial health survey versus 72% in the mailed among notified subjects. Aside from statistical significance, the resurvey. Therefore, the total response rates for both health range of estimated risk ratios was fairly narrow, and there were surveys were approximately one-half (i.e., 0.70 X 0.72). Coinapproximately as many risk ratios above 1.0 (six risk ratios) as pared with respondents, nonrespondents in the initial health below 1.0 (10 risk ratios). An additional analysis of the numbers survey 3 were more likely to be younger, non-Caucasian, not of severe symptoms (on average, four or five per person) also married, and of enlisted rank; this is nearly the same as the showed no significant differences between notified and non-nonrespondent profile we observed for the resurvey (Table I) . tified subjects were younger, more likely to be male, and less likely to be married than were non-notified subjects (Table Il) . A comparison of items concerning exposures while in the Tables IV to VI show that the notified and non-notified subGulf, for which reporting should have been identical in the jects had approximately the same health statuses, as measured initial survey and the resurvey, showed reasonable rates of in the initial health survey. Given the relatively large number of agreement for most items, with only one statistically significant comparisons (71 health outcomes), it was not surprising to find difference in K levels between notified and non-notified subjects one statistically significant difference, which can be attributed (Table II) . It should be noted, however, that others found evi-to the action of chance. Tables VII, VIII, and IX show that postdence of the unreliability of self-reports of similar factors. 5 No-notification health was not adversely associated with notifica-Exposure Notification and Morbidity 
